"aseptic loosening" (84.2%). All patients in our study were multi-morbid. We decided to resort to bipolar hip arthroplasty due to the compromised general condition of patients and the major acetabular bone defects, which were confirmed intraoperatively. The postoperative follow-up ranged from 0.5 to 67 months (average 19.1 months). Results: Evaluation of the modified Harris Hip Score showed an overall improvement of the function of the hip joint after surgery of approximately 45%. Surgery was less time consuming and thus adequate for patients with significantly poor general health condition. We noticed different complications in a significant amount of patients (68.4%). The most common complication encountered was the proximal migration of the bipolar head. The rate of revision following the use of bipolar hip arthroplasty in revision surgery of the hip in our patients was high (21%). Despite the high number of complications reported in our study, we have noticed significant improvement of hip joint function as well as subjective pain relief in the majority of patients. We clearly achieved clinically satisfactory results in 14 patients. Conclusion: Bipolar hip arthroplasty is by no means to be regarded as standard procedure in revision surgery of THR. It provides an option or salvage procedure for patients with poor general condition in whom the quickest possible surgical intervention preserving mobility is required. This is particularly true for multi-morbid patients in whom sufficient acetabular fixation is not possible. 
Introduction
Revision arthroplasty of the hip is becoming increasingly important in recent years. With an average durability of implants of more than ten years [11] , [12] early primary arthroplasty and longer life expectancy of the patient increases the number of revision surgery [2] , [13] , [14] , [23] . Almost 210,000 total hip replacements (THR) are carried out annually in the Federal Republic of Germany, the number of revision surgery on artificial hip joint being approximately 25,800 [1] . The main reason for failure of a primary THR is aseptic loosening, the acetabular component being affected twice as often as the stem [5] , [24] . Other causes may be septic loosening, periprosthetic fractures and dislocations [10] , [16] .
Revision surgery of hip arthroplasty is major surgery for the patient, especially the elderly, with significant risks concerning the general condition of the patient. Thus operation time should be kept as short as possible and blood loss can be kept low in order to reduce the risk of peri-and postoperative morbidity and mortality [19] . Girdlestone situation is considered as a last resort in certain situations such as persistent infection or patients with significantly compromised general condition [17] , [21] . Patients with Girdlestone situation usually don't complain of pain, however the function of the hip joint is compromised [17] , [21] . The outcome of acetabular revision is critically dependent on the initial situation of the bony acetabulum. In case of large bony defects the stability of an acetabular implant becomes difficult.
Several implants are available for revision of the acetabular cup. In order to obtain an optimum result, stability of the implant must be ensured, which prevents migration, dislocation or a renewed loosening. In addition, the center of rotation should be re-constructed. Bone defects can be filled with bone grafts and/or supplied by the proper acetabular implant in order to ensure stable anchorage. Overall, the results of the various revision surgeries and implants of hip arthroplasty are difficult to compare because of the diverse classifications of bone-defects and the insufficient classification of the initial clinical findings in literature [7] , [8] . In our clinic, bipolar head was used as a salvage procedure in revision hip arthroplasty for loosening of the acetabular cup after THR. This treatment strategy was performed in 19 patients between 2007 and 2011. The indication was provided when a stable fixation of the revision-acetabular cup was unlikely either due to major intraoperative risks concerning the general condition of the patient or large acetabular bone defects. The present study evaluates the pre-, intra-and postoperative course of these patients. The aim of this work is to evaluate the outcome of bipolar hip arthroplasty as a salvage procedure for the treatment of loosening of the acetabular cup with significant acetabular bone defects after THR in multi-morbid patients.
Patients and methods
We recorded all revision surgeries of the acetabular cup which were treated by bipolar hip during the period from January 1 st 2007 to December 31 st 2011 at the department of orthopedic surgery, University of Leipzig. Collecting patient data was carried out based on Electronic Health Records in SAP IS-H (Siemens AG Healthcare Sector, Erlangen, Germany) as well as archived patient records. Clinical and radiological follow-up examination was carried out in February 2012 in the department of orthopedic surgery, University of Leipzig. 19 revision hip surgeries were performed in 19 patients, in whom the loosened acetabular cup was replaced by a bipolar head. The examined patient group consisted exclusively of female patients in whom the common preoperative diagnosis was relevant loosening of the acetabular cup after THR. The age of the patients at the time of revision surgery ranged from 55-89 years with an average of 75 years. In 16 patients the main diagnosis (84.2%) was "aseptic loosening". In two out of those 16 patients, recurrent dislocation was reported in addition. In two patients (10.5%) the diagnosis was "septic loosening". In one case (5.3%) the indication was provided as a result of traumatic periprosthetic acetabular fracture. At this point it should be noted that 17 patients in our study (89.5%) were multi-morbid and were classified according to the American Society of Anesthesiologists as ASA 3. We decided to resort to bipolar hip arthroplasty due to the compromised general condition of the patients and the major acetabular bone defects, which were confirmed intraoperatively. The remaining 2 patients (10.5%) were classified as ASA 2, but had extensive acetabular bone defects which could have only been treated by a custom made endoprosthesis. The postoperative follow-up ranged from 0.5 to 67 months (average 19.1 months). Statistical evaluation was carried out using spreadsheet software, Microsoft Excel (Microsoft Corporation, Redmond, USA). The surgical approaches used were the anterolateral or lateral transgluteal hip approach. The loosened acetabular cup was removed. Radical synovectomy and debridement were performed. The acetabular bony structure was evaluated. Careful evaluation of the stability of the femoral stem was carried out. The bipolar head was implanted after prior intraoperative clinical and radiological evaluation, especially concerning size and stability. On follow-up, we conducted clinical and radiological examination and recorded the modified Harris Hip Score [9] .
Results
The preoperative modified Harris Hip Score values ranged from 27 to 45 points with an average of 36.2 points. The evaluation of the modified Harris Hip Score after discharge from hospital revealed a range from 29-90 points with an average of 52.3 points. This resulted in an overall improvement of the functionality of approximately 45%. The duration of the surgical intervention ranged from 73 up to 226 minutes (average: 148 minutes). In 6 patients (31.6%) no complications were recorded at all (Figure 1) . On the contrary, we noticed different complications in the remaining 12 patients (68.4%). These are to be listed in detail: In 8 patients (42.1%), there was one single complication reported, in 5 patients (26.3%) we noticed several complications. The most common complication encountered was the proximal migration of the endoprosthesis (Figure 2 ) that we have observed in 7 (36.8%) patients, followed by dislocation in 6 cases (31.6%). In 4 patients (21%), cranial migration was the single complication encountered. In 3 patients no further surgical measures were necessary. In the 4 th patient we observed loosening of the stem 2 years later after revision surgery. Major revision surgery was contraindicated due to the deteriorated general condition. Therefore, explantation of the endoprosthesis (Girdlestone) was carried out. Dislocation as the sole complication occurred in 3 (15.8%) patients. In all 3 cases we noticed recurrent dislocations that have been treated by closed reposition. One patient declined further surgical treatment due to the fact that she had been operated on several times before. In one patient Girdlestone has been carried out. In the third patient, a change to a larger head has been carried out. 4 patients (21%) experienced an infection. In 2 patients infection healed after surgical revisions and the artificial hip joint could be saved. In 2 patients, however, explantation was needed ending in a Girdlestone situation. In one patient (5.3%) a partial paralysis of the peroneal nerve occurred on the contralateral side. This was treated conservatively and recovered significantly during the further course.
One patient (5.3%) suffered pelvic fracture during the further course and was treated conservatively. In one patient (5.3%) we encountered intraoperative femoral shaft fracture. There was no sign of loosening of the shaft. Therefore, the fracture was sufficiently treated with cerclage. An overview of the preoperative condition of our patients as well as the duration of the surgical procedure is illustrated in Table 1 . The complications encountered are shown in Table 2 . 
Discussion
Bipolar hip arthroplasty is distinguished from THR by a shorter operative time, less blood loss and reduced risk of postoperative dislocation [3] , [6] . This endoprosthesis is primarily used for fractures and necrosis of the proximal femur, mainly in femoral neck fractures [4] . Few reports exist in literature on the use of bipolar hip arthroplasty in revision surgery of the hip. Scott published a study in 1985 on the use of bipolar arthroplasty in revision surgery of the hip associated with bony reconstruction [22] . Hemiarthroplasty was used here as interim endoprosthesis and should be removed after bony healing. A major number of these patients, however, was so pleased with the interim endoprosthesis that no further surgery was performed [22] . In a study performed in 1991 a combination of bony reconstruction and bipolar hip arthroplasty was applied in patients with major acetabular bony defects [15] . Here, it was noted that the majority of implants has shown proximal migration over time. The rate of revision surgery amounted to 13.3%. Better results, however, were reported by Roberson et al. [20] : from 25 patients who were treated with bipolar hip and additional cancellous allografts which were implanted in large acetabular defects, two patients showed cranial migration during the further course. In one case there was an acetabular bone defect with dislocation and in the further case a periprosthetic fracture was demonstrated. In 2000, a study on the use of bipolar endoprostheses as a treatment for hip joint instability after THR was performed by Parvizi et al. [18] . In 81% of the cases further dislocations were not reported, in 26% further revision surgery proved to be necessary. In hip surgery bipolar arthroplasty is almost exclusively employed in cases with femoral neck fractures. In patients with poor general condition and correspondingly increased risk of surgery the shortest time of surgical intervention and surgical induced trauma with the ability of a mobility preserving procedure is of fundamental importance. In loosening of the acetabular cup with significant bone defects of the acetabulum, revision surgery to implant a suitable revision acetabular cup is undoubtedly the surgical treatment of choice [7] , [8] , [18] , [20] , [23] . However, these procedures are time consuming and therefore generally associated with higher risk of intra-and postoperative complications. In cases with significant acetabular bone defects, conventional acetabular revision implants might still be insufficient. In order to provide adequate stability of the acetabular implant, the surgical procedure entails the prior preparation of a custom made implant, which comprises high costs, in addition to a significant prolongation of the duration of surgical procedure. On the contrary, the use of bipolar hip arthroplasty in revision surgery of the hip can be performed relatively quickly. In our study, the duration of surgery ranged from 73 up to 226 minutes (average: 148 minutes). In all patients, in whom the duration of the intervention was longer than 120 minutes, the implantation of a revision acetabular cup was first attempted and proved to be very complicated and time consuming and thus exposing the patients to much higher perioperative risks. In the comparable studies no precise information on the operating time was documented [15] , [18] . Therefore, we conducted this study to verify, whether the indication for bipolar hip arthroplasty can be justified in special cases of revision surgery of THR. The collected data show a high rate of complications. In 6 patients (31.6%) no complications were registered at any time. In contrast, the remaining 12 patients (68.4%) showed different complications, 5 of them (26.3%) werethen treated conservatively. Despite the high number of complications reported in our study, we have noticed significant improvement of hip joint function as well as subjective pain relief in the majority of patients. We clearly achieved clinically satisfactory results in 14 patients. The Harris Hip Score improved by an average of 45%. After revision surgery we recorded a mean Harris Hip Score in our patients of 52.3 points. Parvizi recorded an improvement in the Harris Hip Score with a mean of 55 in his comparable study [18] . At this point, however, it should be noted that the average age of patients in our study (75 years) was much higher than in the study of Parvizi (61 years) [18] . The most important parameters of improvement for the patient are pain relief, sufficient mobility and self-reliance. 88.9% of our patients claimed to have suffered from severe pain preoperatively. After revision surgery using bipolar hip arthroplasty, only 33.3% of our patients still experienced severe pain. 22.2% of our patients reported complete relief of pain after surgery. The rate of revision following the use of bipolar hip arthroplasty in revision surgery of the hip in our patients was high (21%). Previous studies achieved results with lower rate of revision ranging from 8% to 13% [15] , [18] . The better results are possibly due to the additional bone plasty of the acetabular roof, which was performed in the majority of cases.
Conclusions
Surgical treatment of patients with poor general conditions who present with loosening of the acetabular cup and extensive acetabular bone defects after THR remains a major challenge. Bipolar hip arthroplasty is by no means to be regarded as standard procedure in revision surgery of THR. It provides an option or salvage procedure for patients with poor general condition in whom the quickest possible surgical intervention is required. This is particularly true for multi-morbid patients in whom sufficient acetabular fixation is not possible. Because of the high complication rate and rather moderate improvement of functionality, the use of bipolar hip arthroplasty in revision hip surgery after THR can only be recommended as a salvage procedure.
Limitation
The retrospective design, small sample size and the lack of preoperative classification of the acetabular defects are limitations of this study. Universal criteria that apply on the indication for implantation of bipolar hip in revision arthroplasty of the hip cannot be derived from this study. Further studies in larger populations with prospective design are recommended.
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